S U MM AR Y Twenty-nine patients with unilateral left hemisphere lesions, 22 patients with unilateral right hemisphere lesions, and 19 neurological control patients with extracerebral lesions were assessed on verbal memory recall and recognition tests and on a battery of language tests. The left hemisphere group was significantly impaired in memory and language skills. Significant verbal memory impairment was found both in the subgroup of left hemisphere lesion patients whose lesions involved the temporal lobe and in the subgroup whose lesions did not. However, no significant differences between these left hemisphere subgroups' levels of performance on memory tasks emerged, even when dysphasia was taken into account. This study, therefore, fails to support the notion of a specific anatomical correlate of verbal memory impairment within the left hemisphere. Dysphasic subjects were significantly impaired on verbal memory tasks but displayed the same pattern of sensitivity to the effects of word frequency and word concreteness on verbal memory as control subjects, suggesting that the verbal memory of the dysphasic subjects was quantitatively rather than qualitatively impaired. This impairment could not be attributed to deficits in the comprehension or expression of the memory test items, and it is, therefore, proposed that language disturbances may hinder the efficient use of such language based procedures as may subserve verbal memory.
This study had two aims-to examine the effects of localised left hemisphere lesions on verbal memory and to investigate the relationship between verbal memory and dysphasia.
While it is well established that subjects with left temporal lobe lesions are frequently impaired on verbal memory tasks compared with normal subjects or those with right temporal lobe lesions (Meyer and Yates, 1955; Milner, 1958; Blakemore and Falconer, 1967; Milner and Teuber, 1968) it remains controversial as to whether or not left temporal lesions are of significantly greater detriment to verbal memory performance than lesions elsewhere in the left cerebral hemisphere. Newcombe (1969) , using a variety of tasks, did not find any greater verbal memory deficits resulting from left temporal lesions than from other left hemisphere sites. In contrast, Milner (1964, 1969) has reported a specific intrahemispheric association between left temporal damage and verbal memory impairment. However, there would ap-pear to be important differences in the populations studied. Newcombe's study included dysphasic subjects whereas at least one of Milner's studies (Milner, 1964) did not. Whether Milner's 1969 study included dysphasic subjects is not clear. It is possible that in a population containing dysphasic subjects effects of locus of lesion on verbal memory may be masked by the effects of language impairment. Nevertheless, dysphasia is a common consequence of left hemisphere lesions, and the exclusion of dysphasic subjects from localisation studies may result in lesion samples which are not typical of the cortical regions they purport to represent, and may also give rise to false impressions of Effects of localised cerebral lesions and dysphasia on verbal memory As regards the relationship between verbal memory and dysphasia, dysphasic subjects have frequently been shown to display impairment on verbal memory tasks, though at times conflicting accounts have emerged as to the specific types of task on which impairment is found, possibly because of differences in the natures and severities of the dysphasias studied or in the selection of control groups. Thus, poor rote learning of sentences but relatively good story recall (Zangwill, 1946) , impaired rote learning and relearning of sentences (Ettlinger and Moffett, 1970) , impaired story recall but unimpaired paired associate learning and nonsense syllable learning (Newcombe, 1969) , impaired nonsense syllable learning but unimpaired word list learning (Wyke, 1966) , and impaired serial anticipation learning (Carson et al., 1968; Tikofsky, 1971) have all been reported for dysphasic subjects. The reasons for these various deficits are not well understood, though Tikofsky (1971) has suggested that dysphasic subjects may suffer increased vulnerability to interference effects, and Wyke (1966) (Paivio, 1971) (Raven, 1958 (Schuell, 1965) . Each word was presented once only and scoring was strict-that is, spontaneous correction of errors was not credited.
WA IS Vocabulary Subtest (Wechsler, 1955) (1969) seven-point scale ratings. High concreteness words were those rated above the mean concreteness value of 4.68, and low concreteness words were those rated below this value. High frequency words were those occurring more than 50 times/million, that is, A or AA frequency, and low frequency words were those occurring between 1 and 49 times/million (Thorndike and Lorge, 1944) . For each word type the recall task used three 10 word lists and the recognition task used a 35 word list of stimuli followed by forced choice recognition of pairs of words consisting of one list item and one distractor.
In the recall task, presentation and recall of the first list was followed by presentation and recall of the second list, and so on. Each list was read out to the subject three times consecutively at a rate of one word per two seconds. The final presentation of a list was immediately followed by a 35 second interpolated task (adding one to single digits rapidly presented on cards) to minimise the effects of short-term memory, and then the subject was allowed 75 seconds to recall the words, in any order. Only precise reproductions of list item were accepted as correct responses-morphological modifications or paraphasic distortion were classed as errors even if it was obvious which list item was being referred to. After this recall period the subject was given 10 seconds to prepare for the next recall list. After finishing the recall task on a given word type, subjects were allowed a two minute break before beginning the recognition task for that word type, and the instructions for the recognition task were given in the latter part of this break. The recall task on a given word type, therefore, always preceded the recognition task on that word type.
In the recognition task the list of 35 words was read to the patient at a rate of one word per three seconds. Immediately after presentation of the list the subject was presented with successive pairs of spoken words, each comprising of a list item and a distractor of the same word type, and asked to indicate the list item by either speech or gesture. Pairs were repeated if necessary. Morphological modifications of paraphasic distortions were accepted if it was clear which item was being referred to. A minimum interval of 7.5 seconds was imposed between successive pairs. This gave most subjects ample time to answer, through some, mainly from the left hemisphere lesion group, required longer on some items. Nonetheless, this procedure afforded better control over the amount of time spent on the task than if each subject had been allowed to proceed at his or her own pace. Both recall and recognition tasks on a given word type were completed before examining performance on another word type.
For each word type most of the words used were of one or two syllables, although a small number of three syllable words (about 2%) were also included. The recall tasks were balanced for word syllable length (30% one syllable, 70% two syllables) across the different word types. Recognition stimuli were also balanced for word syllable length (50% one syllable, 50% two syllables, with occasional three syllables) across the different word types but the recognition distractors contained a relatively higher proportion of monosyllabic words than the stimuli for the high frequency word types and a relatively higher proportion of disyllabic words than the stimuli for the low frequency word types. These differences, however, were not sufficient to provide syllable length clues that could assist performance in the recognition tasks. In each of the two experiments using high frequency words (HF-HC and HF-LC) both recall and recognition tasks each contained approximately 50% A and 50% AA frequency words. In each of the two experiments using low frequency words (LF-HC and LF-LC) the mean word frequencies for recall lists, recognition stimuli, and recognition distractors were all between 19.0 and 23.0 occurrences/million. Each subject required two sessions to complete these memory experiments. Performance on two of the word types was assessed in each session with a break of ten minutes between the two word types. A restricted design was employed which involved only four of the 24 possible different orders of presentation of the four word types over the two sessions, as it was felt that with the small numbers in the groups a random design may have led to order-of-presentation differences between groups. The four orders used were as follows: The relationship between verbal memory impairment and dysphasia was further attested by the findings of significant correlations in the LH group between performances on recall and recognition and those on a variety of language tasks (see Table 3 ). Articulation and Phoneme Discrimination performances, however, yielded only small correlations with recall and recognition which did not approach significance, indicating The overall effects of word frequency and word concreteness on recall and recognition in the control, RH, and LH groups and in the LH subgroups were examined by summing over concreteness and frequency conditions respectively. Inspection of these summed scores showed that in recall, all groups performed better on high frequency words (HF-HC+HF-LC) than on low frequency words (LF-HC+LF-LC), and better on high concreteness words (HF-HC+LF-HC) than on low concreteness words (HF-LC+LF-LC). In recognition, all groups performed better on low frequency words than on high frequency words and better on high concreteness words than on low concreteness words. These findings are consistent with those previously reported for normal experimental subjects (Paivio, 1971) .
ERROR ANALYSIS
An analysis of the incorrect responses made on all the recall tasks was carried out for the control, RH, and LH groups and for the LH dysphasic and LH non-dysphasic groups. Inspection of the data showed that the mean total error scores of control, RH, and LH non-dysphasic groups were similar (11.1, 10.5 and 10.8 respectively), but that that of the LH dysphasic group was much higher group.bmj.com on June 20, 2017 -Published by http://jnnp.bmj.com/ Downloaded from Effects of localised cerebral lesions and dysphasia on verbal memory (19.1) . Errors that appeared to be either random words or words semantically related to those in the list being recalled at the time were the most common in each group and their proportion of the total errors in each group amounted to 57% for the control group, 64% for the RH group, 75% for the LH non-dysphasic group, and 79% for the LH dysphasic group. Intrusions from previous lists were the second most common type of error in each group, their proportion of the total errors in each group amounting to 37% for the control group, 34% for the RH group, 21% for the LH non-dysphasic group, and 13% for the LH dysphasic group. Derivative errors-that is, morphological variants of list items-ranged between 6% (control group) and 2% (RH group) of each group's total error score. Neologistic and paraphasic errors occurred only in the LH dysphasic group and accounted for 5% of this group's total errors.
Discussion
This investigation has been concerned with the effects of localised left cerebral hemisphere lesions on verbal memory and with the relationship between verbal memory and dysphasia. The effects of localisation of a lesion within the left hemisphere will be discussed first. In order to investigate such effects the subjects with a left hemisphere lesion were classified into mutually exclusive temporal and non-temporal lesion groups according to whether or not their lesions displayed any temporal lobe involvement. Both groups displayed significant impairments of recall and recognition verbal memory, and although on inspection these impairments appeared greater for the temporal group than the non-temporal group, the differences between these groups did not reach significance. Such findings would seem more in accord with those of Newcombe (1969) , who found little relationship between locus of lesion and verbal memory deficits, than with those of Milner (1964 Milner ( , 1969 , who reported a specific intrahemispheric relationship between verbal memory impairment and temporal lobe damage. However, both the present study and that of Newcombe (1969) included dysphasic subjects and it is possible that underlying effects of the locus of the lesion were obscured by the deleterious effect of dysphasia on verbal memory performance. Milner's 1964 study excluded dysphasic subjects, though it is not clear whether this was so in her 1969 study. Accordingly, further comparisons of the temporal and nontemporal groups' verbal memory performances in the present study were carried out taking into account the language abilities of the subjects in each group, but again no significant differences emerged on either recall or recognition. These findings, based on an unselected series of patients with left hemisphere lesions, therefore, fail to support the notion of a specific anatomical correlate of verbal memory impairment within the left hemisphere.
In the investigation of the relationship between verbal memory and dysphasia, the subjects with left hemisphere lesions were classified into mutually exclusive dysphasic and non-dysphasic groups, irrespective of the site of the lesion within the left hemisphere. The dysphasic group displayed significant impairment on both recall and recognition and the non-dysphasic group displayed significant impairment on recall. The dysphasic group performed at lower levels than the non-dysphasic group on both recall and recognition, but differences in the composition of the lesion sites between the two groups (the non-dysphasic group contained a higher proportion of subjects with lesions involving a temporal lobe than did the dysphasic group) undoubtedly obscured the true extent of the deleterious effects of dysphasia on verbal memory. When the performances of dysphasic and non-dysphasic subjects with lesions involving only the temporal lobe were compared -that is, groups more closely matched in terms of lesion site compositions-the dysphasic subjects were found to be significantly inferior on both recall and recognition.
In considering the possible origins of the verbal memory deficits associated with dysphasia it may be noted that such deficits were not attributable to a general intellectual deterioration among the dysphasic population. The dysphasic group was not significantly inferior in current IQ to the control group, and correlations between current IQ and recall and recognition were very small and not significant among the patients with left hemisphere lesions. It is also implausible that the verbal memory deficits of dysphasic subjects were merely the consequence of larger lesions. Most left hemisphere lesions were progressive tumours and it is unlikely that such lesions reached a greater size before detection in dysphasic than in non-dysphasic subjects. It would, therefore, appear that the dysphasia itself is at least a contributory factor to the impaired verbal memory performance of dysphasic subjects. It 
